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Abstract
)LWQHVVFRVWVDVVRFLDWHGZLWKUHVLVWDQFHWR Bacillus thuringiensis %WFURSVDUHH[SHFWHGWRGHOD\WKH
HYROXWLRQRIUHVLVWDQFH,QDSUHYLRXVVWXG\ZKHUHSLQNEROOZRUP Pectinophora gossypiella
/HSLGRSWHUD*HOHFKLLGDHODUYDHRYHUZLQWHUHGLQRXWGRRULQVHFWDULHVLQGLYLGXDOVIURP%WUHVLVWDQW
VWUDLQVKDGORZHUVXUYLYDOWKDQLQGLYLGXDOVIURP%WVXVFHSWLEOHVWUDLQVRU)SURJHQ\IURPFURVVHV
EHWZHHQUHVLVWDQWDQGVXVFHSWLEOHDGXOWV7RLQYHVWLJDWHWKHSK\VLRORJLFDOEDVLVRIVXFKUHFHVVLYHFRVW
GLDSDXVHGXUDWLRQZDVH[SHULPHQWDOO\PDQLSXODWHGLQWKHODERUDWRU\&RPSDUHGWRD%WVXVFHSWLEOH
VWUDLQDQG)SURJHQ\ZHK\SRWKHVL]HGWKDW%WUHVLVWDQWVWUDLQVFRXOGH[KLELWDORZHUSURSHQVLW\RU
LQWHQVLW\RIGLDSDXVHIDVWHUZHLJKWORVVGXULQJRYHUZLQWHULQJORZHULQLWLDOZHLJKWRIGLDSDXVLQJODUYDH
DQGUHGXFHGORQJHYLW\RIPRWKVHPHUJLQJIURPGLDSDXVH5HVXOWVZHUHDVH[SHFWHGIRULQLWLDOZHLJKWRI
GLDSDXVLQJODUYDHDQGORQJHYLW\RIRYHUZLQWHUHGPDOHPRWKVRUIHPDOHPRWKVUHPDLQLQJLQGLDSDXVHIRU
DVKRUWSHULRG+RZHYHUDKLJKHUGLDSDXVHLQGXFWLRQDQGLQWHQVLW\DQGVORZHUZHLJKWORVVRFFXUUHGLQ
)SURJHQ\DQG%WUHVLVWDQWVWUDLQVWKDQLQD%WVXVFHSWLEOHVWUDLQ0RUHRYHU)SURJHQ\KDGJUHDWHU
RYHUZLQWHULQJVXUYLYDOWKDQWKH%WUHVLVWDQWDQG%WVXVFHSWLEOHVWUDLQVDQG)IHPDOHPRWKVKDGWKH
JUHDWHVWORQJHYLW\DIWHUVXVWDLQLQJORQJGLDSDXVLQJSHULRGV$OORIWKHVHXQH[SHFWHGUHVXOWVPD\EH
H[SODLQHGE\SOHLRWURSLFHIIHFWVRIUHVLVWDQFHWR%WFRWWRQWKDWLQFUHDVHGWKHVWUHQJWKRIGLDSDXVHLQWKH
)SURJHQ\DQG%WUHVLVWDQWVWUDLQV,QFRPSOHWHUHVLVWDQFHZDVUHIOHFWHGLQGLVDGYDQWDJHVVXIIHUHGE\
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7UDQVJHQLF FRWWRQ SURGXFLQJ Bacillus
thuringiensis %W WR[LQV LV LQFUHDVLQJO\ XVHG
ZRUOGZLGH IRU WKH FRQWURO RI NH\ OHSLGRSWHUDQ
SHVWV -DPHV  /DZUHQFH  :KHQ
FRQVLGHUHG ZLWKLQ EURDG ULVN DVVHVVPHQW DQG
LQWHJUDWHG SHVW PDQDJHPHQW ,30 V\VWHPV %W
FRWWRQ PD\ SURYLGH HQYLURQPHQWDO DQG DJURQRPLF
EHQHILWV VXFK DV D UHGXFWLRQ LQ DSSOLFDWLRQ RI
EURDGVSHFWUXP LQVHFWLFLGHV DQG \LHOG
LPSURYHPHQWV &DUSHQWHU HW DO  &DSDOER HW
DO  6QRZ HW DO  &DWWDQHR HW DO 
+RZHYHU WKH HYROXWLRQ RI UHVLVWDQFH E\ WDUJHW
SHVWV LV FRQVLGHUHG D WKUHDW WR WKH FRQWLQXHG
VXFFHVV RI %W FURSV *RXOG  7DEDVKQLN HW DO
 
7KH UHIXJH VWUDWHJ\ LV XVHG LQ WKH 86$ DQG
HOVHZKHUH WR GHOD\ WKH HYROXWLRQ RI UHVLVWDQFH WR
%W FRWWRQ 7KH VWUDWHJ\ FRQVLVWV RI JURZLQJ QRQ%W
FRWWRQ QHDU %W FRWWRQ WR SURPRWH PDWLQJ EHWZHHQ
VXVFHSWLEOH DQG UHVLVWDQW LQVHFWV 86 (3$ 
%HFDXVH UHVLVWDQFH LV RIWHQ UHFHVVLYH LQ WDUJHW
SHVWV VXFK PDWLQJV DUH H[SHFWHG WR UHGXFH WKH
KHULWDELOLW\ RI UHVLVWDQFH DQG VORZ WKH HYROXWLRQ RI
UHVLVWDQFH *RXOG  &DUULqUH HW DO D
7DEDVKQLN DQG &DUULqUH  ,Q DGGLWLRQ WR
UHIXJHV ILWQHVV FRVWV DVVRFLDWHG ZLWK UHVLVWDQFH WR
%W DUH H[SHFWHG WR GHOD\ WKH HYROXWLRQ RI
UHVLVWDQFH &DUULqUH DQG 7DEDVKQLN  &DUULqUH
HW DO D 7DEDVKQLN HW DO D &RVWV DUH
PDQLIHVWHG DV ORZHU ILWQHVV LQ UHVLVWDQW FRPSDUHG
WR VXVFHSWLEOH LQVHFWV LQ WKH DEVHQFH RI %W WR[LQV
&RVWV DVVRFLDWHG ZLWK UHVLVWDQFH WR %W DUH FRPPRQ
*URHWHUV HW DO  &DUULqUH HW DO D E %LUG
DQG $NKXUVW  +LJJLQVRQ HW DO 
-DQPDDW DQG 0\HUV  *DVVPDQ HW DO 
EXW NQRZOHGJH RI WKHLU SK\VLRORJLFDO EDVLV
UHPDLQVOLPLWHG
$OWKRXJK VHYHUDO PHFKDQLVPV FDQ FRQIHU
UHVLVWDQFH WR %W HJ UHGXFWLRQ LQ WR[LQ DFWLYDWLRQ
E\ SURWHDVHV LQFUHDVHG LPPXQH IXQFWLRQ
UHVLVWDQFH RIWHQ LQYROYHV UHGXFHG ELQGLQJ RI %W
WR[LQV WR PLGJXW PHPEUDQH UHFHSWRUV )HUUp DQG
9DQ 5LH  *ULIILWWV DQG $URLDQ 
,QIRUPDWLRQ RQ WKH PROHFXODU EDVLV RI UHGXFHG
ELQGLQJ LV DYDLODEOH LQ IRXU OHSLGRSWHUDQ FRWWRQ
SHVWV ,Q WKUHH VSHFLHV LQFOXGLQJ WKH SLQN
EROOZRUP Pectinophora gossypiella 6DXQGHUV
UHVLVWDQFH LV WLJKWO\ OLQNHG WR PXWDWLRQV DW D JHQH
HQFRGLQJ D FDGKHULQ SURWHLQ *DKDQ HW DO 
0RULQ HW DO  ;X HW DO  ,Q WKH EHHW
DUP\ZRUP Spodoptera exigua +EQHU D %W
UHVLVWDQW VWUDLQ ODFNV DQ DPLQRSHSWLGDVH 1
UHFHSWRU+HUUHURHWDO
&DGKHULQ SURWHLQV LQ WKH LQVHFW PLGJXW PHPEUDQH
PD\ FRQWULEXWH WR FHOOFHOO DGKHVLRQ *HVVQHU DQG
7DXEHU  $LPDQRYD HW DO  7KXV
ILWQHVV FRVWV RI %W UHVLVWDQFH FRXOG DULVH EHFDXVH
FDGKHULQ PXWDWLRQV LQFUHDVH SHUPHDELOLW\ RI WKH
JXW PHPEUDQH WR WR[LF SK\WRFKHPLFDOV &DUULqUH
HW DO D &RVWV ZHUH JUHDWHU LQ P. gossypiella
IHG D GLHW ZLWK JRVV\SRO WKDQ D GLHW ZLWKRXW
JRVV\SRO ZKLFK VXSSRUWV WKH LQFUHDVHG
SHUPHDELOLW\ K\SRWKHVLV &DUULqUH HW DO E
&RVWV FRXOG DOVR RFFXU LI PRGLILFDWLRQ RI UHFHSWRUV
UHGXFHV IRRG DVVLPLODWLRQ UDWHV &DUULqUH HW DO
D E RU LQFUHDVHV HQHUJ\ PHWDEROLVP GXH WR
IDVWHU UHSODFHPHQW RI PLGJXW FHOOV LQ UHVLVWDQW
WKDQ VXVFHSWLEOH LQVHFWV 'LQJKD HW DO  $Q
H[SHULPHQW DVVHVVLQJ WKH LQFUHDVHG PHWDEROLVP
K\SRWKHVLV GLG QRW ILQG D GLIIHUHQFH LQ PHWDEROLF
UDWH EHWZHHQ D %WUHVLVWDQW DQG %WVXVFHSWLEOH
VWUDLQ RI WKH EHHW DUP\ZRUP Spodoptera exigua,
IHGRQQRQ%WGLHW'LQJKDHWDO
,Q D SUHYLRXV H[SHULPHQW UHVLVWDQFH WR %W FRWWRQ
ZDV DVVRFLDWHG ZLWK ORZHU RYHUZLQWHULQJ VXUYLYDO
LQ P. gossypiella &DUULqUH HW DO D 7KH JRDO
RI WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH SK\VLRORJLFDO
EDVLV RI WKLV FRVW :H K\SRWKHVL]HG WKDW WKH
RYHUZLQWHULQJ FRVW LQ UHVLVWDQW YHUVXV VXVFHSWLEOH
LQGLYLGXDOV FRXOG EH GXH WR JUHDWHU GHSOHWLRQ RI
UHVRXUFHV GXULQJ GLDSDXVH ORZHU LQLWLDO
GLDSDXVLQJ ZHLJKW RU GLVUXSWLRQ RI WKH WLPLQJ RI
GLDSDXVH LQGXFWLRQ RU WHUPLQDWLRQ 7R WHVW WKHVH
K\SRWKHVHV UHODWHG UHVLVWDQW DQG VXVFHSWLEOH
VWUDLQV DQG WKHLU ) SURJHQ\ ZHUH FRPSDUHG LQ
WHUPV RI GLDSDXVH LQGXFWLRQ UDWH RI ZHLJKW ORVV
GXULQJ GLDSDXVH DQ LQGH[ RI PHWDEROLF UDWH
LQLWLDO ZHLJKW RI GLDSDXVLQJ ODUYDH GLDSDXVH
LQWHQVLW\ RYHUZLQWHULQJ VXUYLYDO DQG ORQJHYLW\ RI
RYHUZLQWHUHGPRWKV
Materials and Methods
P. gossypiella diapause
P. gossypiella RYHUZLQWHUV DV IRXUWK LQVWDU ODUYDH
LQ FRWWRQ EROOV JURXQG OLWWHU RU LQ WKH VRLO %DULROD
DQG +HQQHEHUU\  +HQQHEHUU\ DQG -HFK
 'LDSDXVH LV LQGXFHG E\ VKRUW GD\ OHQJWK 
 KRXUV DQG IDYRUHG E\ FRRO WHPSHUDWXUHV %XOO
DQG $GNLVVRQ  $QNHUVPLW DQG $GNLVVRQ
 2WKHU IDFWRUV VXFK DV QXWULWLRQ DQG
PRLVWXUH FDQ PRGXODWH GLDSDXVH LQGXFWLRQ DQG
WHUPLQDWLRQ %XOO DQG $GNLVVRQ  :DWVRQ HW
DO  $IWHU UHVXPLQJ GHYHORSPHQW
GLDSDXVLQJ ODUYDH PHWDPRUSKRVH LQWR SXSDH DQG
HPHUJH DV PRWKV VRRQ DIWHU 7KH WHPSHUDWXUH
WKUHVKROG IRU GHYHORSPHQW LV & :DWVRQ HW DO
 &DUULqUHHWDOF
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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8QLWHG 6WDWHV DW WKH EHJLQQLQJ RI WKH WK FHQWXU\
+HQQHEHUU\ DQG 1DUDQMR  'HVSLWH DUULYLQJ
LQ $UL]RQD DW OHDVW  \HDUV DJR +HQQHEHUU\ DQG
1DUDQMR  WKLV SHVW VWLOO KDV PDODGDSWLYH
HDUO\ HPHUJHQFH IURP GLDSDXVH FDOOHG ³VXLFLGDO
HPHUJHQFH´ ZKLFK LV HPHUJHQFH DQG GHDWK RI
PRWKV XS WR VHYHUDO PRQWKV EHIRUH SKHQRORJLFDOO\
VXLWDEOH FRWWRQ LV DYDLODEOH +HQQHEHUU\ DQG -HFK
 &DUULqUHHWDOF
P. gossypiella strains
7KUHH VWUDLQV RI P. gossypiella ZHUH UHDUHG RQ
ZKHDW JHUP GLHW DQ XQVHOHFWHG SDUHQW VWUDLQ
029 DQG WZR UHVLVWDQW VWUDLQV GHULYHG IURP
WKH SDUHQW VWUDLQ DQG H[SRVHG UHSHDWHGO\ WR
&U\$F LQ GLHW 0295 DQG 0295
&DUULqUH HW DO D E %W FRWWRQ SURGXFHV
%W WR[LQ &U\$F ZKLFK NLOOV ODUYDH RI VRPH
OHSLGRSWHUDQ SHVWV $OVR WHVWHG ZHUH ) SURJHQ\
IURP UHFLSURFDO FURVVHV EHWZHHQ HDFK RI WKH
UHVLVWDQW VWUDLQV DQG WKHLU XQVHOHFWHG SDUHQW
VWUDLQ  0295 PDOHV [  029
IHPDOHV DQG YLFH YHUVD  0295 PDOHV [
 029 IHPDOHV DQG YLFH YHUVD 029 ZDV
VWDUWHG IURP P. gossypiella FROOHFWHG LQ WKH
0RKDYH 9DOOH\ RI ZHVWHUQ $UL]RQD LQ  DQG
ZDV QRW H[SRVHG WR WR[LQ LQ WKH ODERUDWRU\
7DEDVKQLN HW DO  :KHQ WKLV VWXG\ ZDV
VWDUWHG WKH QXPEHU RI ODERUDWRU\UHDUHG
JHQHUDWLRQV ZDV  IRU 029  IRU
0295 DIWHU LWV GHULYDWLRQ IURP WKH )
JHQHUDWLRQ RI 029 DQG  IRU 0295
DIWHU LWV GHULYDWLRQ IURP WKH ) JHQHUDWLRQ RI
0295 &DUULqUH HW DO D E
0295 KDG EHHQ VHOHFWHG  WLPHV ZLWK  ƫJ
RI &U\$F SHU PO RI GLHW 0295 KDG EHHQ
VHOHFWHG QLQH WLPHV ZLWK  ƫJ RI &U\$F SHU PO RI
GLHW ZKLOH VWLOO SDUW RI 0295 DQG WZLFH
ZLWK  ƫJ RI &U\$F SHU PO RI GLHW DIWHU
VSOLWWLQJ IURP 0295 +RPR]\JRXV
UHVLVWDQW LQGLYLGXDOV GHULYHG IURP 029
VXUYLYHG RQ %W FRWWRQ 7DEDVKQLN HW DO E
&DUULqUHHWDO
7R HVWLPDWH UHVLVWDQFH DOOHOH IUHTXHQF\ QHRQDWHV
ZHUH IHG GLHW ZLWK D GLDJQRVWLF WR[LQ
FRQFHQWUDWLRQ  ƫJ &U\$F SHU PO RI GLHW WKDW
DOORZV VXUYLYDO RQO\ RI KRPR]\JRXV UHVLVWDQW
LQGLYLGXDOV 7DEDVKQLN HW DO  5HVLVWDQFH
DOOHOH IUHTXHQF\ ZDV HVWLPDWHG DV WKH VTXDUH URRW
RI DGMXVWHG SURSRUWLRQ VXUYLYDO VXUYLYDO DW WKH
GLDJQRVWLF FRQFHQWUDWLRQ GLYLGHG E\ VXUYLYDO RQ
XQWUHDWHG GLHW :KHQ 029 ZDV VWDUWHG IURP
ILHOGFROOHFWHG LQVHFWV LQ  LWV HVWLPDWHG
UHVLVWDQFH DOOHOH IUHTXHQF\ ZDV  7DEDVKQLN HW
DO  ,PPHGLDWHO\ EHIRUH WKH H[SHULPHQW
HVWLPDWHG UHVLVWDQFH DOOHOH IUHTXHQFLHV ZHUH 
IRU 029  IRU 0295  IRU
0295  IRU 029 [ 0295 DQG
IRU029[0295
Experiment 1: Effect of strain and diet on
induction of diapause, the rate of weight
loss during diapause, and the initial weight
of diapausing larvae
)RU HDFK VWUDLQ DQG VHW RI ) SURJHQ\ 
QHRQDWHV ZHUH SODFHG LQGLYLGXDOO\ LQ FXSV  PO
FRQWDLQLQJ XQWUHDWHG GLHW )RU WKH 0295
DQG 0295 VWUDLQV  QHRQDWHV ZHUH DOVR
SODFHG LQGLYLGXDOO\ LQ FXSV ZLWK WUHDWHG GLHW 
ƫJ &U\$F SHU PO RI GLHW &XSV ZHUH SODFHG XQGHU
GLDSDXVLQJ FRQGLWLRQV & SKRWRSKDVH&
VFRWRSKDVH /'  U+ IRU HLJKW ZHHNV DW
ZKLFK WLPH DOO LQVHFWV KDG GHYHORSHG WR DW OHDVW
WKH WK LQVWDU LH WKH GLDSDXVLQJ LQVWDU
,QGLYLGXDO IRXUWK LQVWDUV ZHUH SODFHG EHWZHHQ WZR
ILOWHU SDSHUV LQ  [  PP 3HWUL GLVKHV DQG
UHWXUQHG WR GLDSDXVLQJ FRQGLWLRQV IRU  GD\V
$IWHU  GD\V LQVHFWV ZHUH ZDVKHG ZLWK GLVWLOOHG
ZDWHU VH[HG EDVHG RQ SUHVHQFH RI JRQDGV LQ
PDOHV ZHLJKHG DQG UHWXUQHG WR FOHDQ 3HWUL
GLVKHV EHWZHHQ WZR ILOWHU SDSHUV 3HWUL GLVKHV
ZHUH NHSW IRU WZR PRUH GD\V XQGHU GLDSDXVLQJ
FRQGLWLRQV DQG WUDQVIHUUHG WR RYHUZLQWHULQJ
FRQGLWLRQV & SKRWRSKDVH& VFRWRSKDVH
/'  U+ :KLOH XQGHU RYHUZLQWHULQJ
FRQGLWLRQV LQVHFWV ZHUH ZHLJKHG HYHU\  ZHHNV
IRUZHHNVWRHVWLPDWHZHLJKWORVV
Statistical analysis
3HDUVRQ Ƶ WHVWV ZHUH XVHG WR FRPSDUH GLDSDXVH
SURSRUWLRQ EHWZHHQ 029 DQG WKH WZR VHWV RI )
SURJHQ\ RQ QRQ%W GLHW 029 DQG WKH WZR
UHVLVWDQW VWUDLQV RQ QRQ%W GLHW DQG EHWZHHQ
0295 DQG 0295 RQ QRQ%W DQG %W
GLHW :HLJKW ORVV ZDV HVWLPDWHG IRU HDFK
LQGLYLGXDO IURP WKH VORSH RI D OLQHDU UHJUHVVLRQ
EHWZHHQ ZHLJKW DQG WLPH LQ GLDSDXVH 7KH
DEVROXWH YDOXH RI WKH VORSHV ZDV XVHG DV DQ
HVWLPDWH RI ZHLJKW ORVV LH KLJKHU DEVROXWH
YDOXHV VKRZ IDVWHU ZHLJKW ORVV :HLJKW ORVV ZDV
HVWLPDWHG RQO\ IRU LQVHFWV ZHLJKHG IRXU WLPHV RU
PRUH 0XOWLSOH UHJUHVVLRQ ZDV XVHG WR DVVHVV WKH
HIIHFW RI VWUDLQGLHW FRQVLGHUHG DV D VLQJOH
FDWHJRULFDO IDFWRU VH[ LQLWLDO ZHLJKW DQG WKH
LQWHUDFWLRQ EHWZHHQ WKHVH IDFWRUV RQ ZHLJKW ORVV
/LQHDU FRQWUDVWV RI OHDVW VTXDUHV PHDQV ZHUH XVHG
WR IXUWKHU DVVHVV WKH HIIHFWV RI VWUDLQGLHW RQ
ZHLJKW ORVV 0XOWLSOH UHJUHVVLRQ ZDV XVHG WR
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 1(IIHFWRIVWUDLQDQGGLHWRQGLDSDXVHSURSRUWLRQUDWHRIZHLJKWORVVGXULQJRYHUZLQWHULQJDQGLQLWLDO
ZHLJKWRIGLDSDXVLQJODUYDHOHDVWVTXDUHVPHDQV6(IURPPXOWLSOHUHJUHVVLRQPRGHOVDUHVKRZQIRUODVWWZR
YDULDEOHVVHHWH[W$OVRVKRZQLVWKHDYHUDJH5 6(RIVORSHVXVHGWRHVWLPDWHZHLJKWORVV
Strain Diet Diapause proportion Rate of weight loss (mg /wk) R2 Initial weight (mg)
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3!
3HDUVRQƵ WHVWVFRPSDULQJLQGLYLGXDOVIURPWKHUHVLVWDQWVWUDLQVIHGQRQ%WDQG%WGLHW

3 
9DOXHVZLWKGLIIHUHQWOHWWHUVZHUHVLJQLILFDQWO\GLIIHUHQWLQOLQHDUFRQWUDVWVRIOHDVWVTXDUHPHDQVFRPSDULQJ
029WRWKH)RUWKHUHVLVWDQWVWUDLQV3/LQHDUFRQWUDVWFRPSDULQJWKH)DQGUHVLVWDQWVWUDLQVZDVQRW
VLJQLILFDQW3!
/LQHDUFRQWUDVWVRIOHDVWVTXDUHVPHDQVFRPSDULQJLQGLYLGXDOVIURPWKHUHVLVWDQWVWUDLQVIHGQRQ%WDQG%WGLHW
3
9DOXHVZLWKGLIIHUHQWOHWWHUVZHUHVLJQLILFDQWO\GLIIHUHQWLQOLQHDUFRQWUDVWVRIOHDVWVTXDUHPHDQVFRPSDULQJ
029WRWKH)RUWKHUHVLVWDQWVWUDLQV3/LQHDUFRQWUDVWFRPSDULQJWKH)DQGUHVLVWDQWVWUDLQVZDV
VLJQLILFDQW3
DVVHVV WKH HIIHFW RI VWUDLQGLHW VH[ DQG WKH
LQWHUDFWLRQ EHWZHHQ WKHVH IDFWRUV RQ LQLWLDO ZHLJKW
RI WKH GLDSDXVLQJ ODUYDH /LQHDU FRQWUDVWV RI OHDVW
VTXDUHV PHDQV ZHUH XVHG WR IXUWKHU DVVHVV WKH
HIIHFWVRIVWUDLQGLHWRQLQLWLDOGLDSDXVLQJZHLJKW
Experiment 2: Effect of strain and diet on
diapause intensity, overwintering survival,
and longevity of overwintered adults
)RU HDFK VWUDLQ DQG HDFK VHW RI ) SURJHQ\ 
QHRQDWH ODUYDH ZHUH WUDQVIHUUHG WR HDFK RI 
FXSV  PO FRQWDLQLQJ QRQ%W GLHW  FXSV IRU
0295  QHRQDWHV IURP 0295
ZHUH DOVR WUDQVIHUUHG WR  FXSV ZLWK %W GLHW 
ƫJ &U\$F SHU PO RI GLHW &XSV ZHUH PDLQWDLQHG
XQGHU GLDSDXVHLQGXFLQJ FRQGLWLRQV DV DERYH
$IWHU VL[ ZHHNV IRXUWK LQVWDUV ZHUH UHPRYHG IURP
FXSV DQG SXW EHWZHHQ WZR SLHFHV RI ILOWHU SDSHU LQ
3HWUL GLVKHV  GLDPHWHU [  PP KHLJKW (DFK
3HWUL GLVK FRQWDLQHG FD  ODUYDH DQG D  FP
SLHFH RI QRQ%W GLHW $IWHU DQ DGGLWLRQDO  GD\V
XQGHU GLDSDXVHLQGXFLQJ FRQGLWLRQV IRXUWK
LQVWDUV ZHUH VH[HG DQG PRYHG WR QHZ 3HWUL GLVKHV
FRQWDLQLQJ RQO\  PDOHV RU  IHPDOHV EHWZHHQ
SLHFHV RI ILOWHU SDSHU LH QR GLHW 7KH 3HWUL
GLVKHV ZHUH UHWXUQHG WR GLDSDXVHLQGXFLQJ
FRQGLWLRQV IRU  PRUH GD\V DIWHU ZKLFK DQ\
SXSDH PRWKV RU GHDG LQVHFWV ZHUH UHPRYHG 7KH
UHPDLQLQJ IRXUWK LQVWDUV ZKLFK ZHUH PDLQO\
IRXQG LQ KLEHUQDFXOD ZHUH FRQVLGHUHG LQ
GLDSDXVH
3HWUL GLVKHV ZLWK GLDSDXVLQJ ODUYDH ZHUH
WUDQVIHUUHG WR RYHUZLQWHULQJ FRQGLWLRQV DV DERYH
$IWHU VSHQGLQJ    RU  ZHHNV XQGHU
RYHUZLQWHULQJ FRQGLWLRQV D VXEVHW RI 3HWUL GLVKHV
ZHUH WUDQVIHUUHG WR GLDSDXVHEUHDNLQJ FRQGLWLRQV
FRQVWDQW & /'  U+ $Q HTXDO
QXPEHU RI GLVKHV FRQWDLQLQJ PDOHV RU IHPDOHV
ZHUH WUDQVIHUUHG IRU HDFK VWUDLQ DQG HDFK VHW RI )
SURJHQ\ RQ HDFK GDWH 7KH ILOWHU SDSHUV ZHUH
PLVWHG ZLWK GLVWLOOHG ZDWHU DIWHU WUDQVIHU WR
GLDSDXVHEUHDNLQJ FRQGLWLRQV DQG WZLFH D ZHHN
WKHUHDIWHU WR EUHDN GLDSDXVH :DWVRQ HW DO 
1HZO\ IRUPHG SXSDH ZHUH WUDQVIHUUHG
LQGLYLGXDOO\ WR PO FXSV ZLWK PRLVW SDSHU
WRZHOV DQG NHSW XQWLO PRWK HPHUJHQFH 0RWKV
ZHUH NHSW LQGLYLGXDOO\ LQ PO FXSV ZLWK DFFHVV
WR KRQH\ ZDWHU DQG DGXOW ORQJHYLW\ ZDV UHFRUGHG
IRULQVHFWVWUDQVIHUUHGDIWHURUZHHNV
Statistical analyses
6RPH PRWKV ZHUH IRXQG ZKHQ 3HWUL GLVKHV ZHUH
WUDQVIHUUHG WR GLDSDXVHEUHDNLQJ FRQGLWLRQV
VKRZLQJ WKDW VRPH ODUYDH EURNH GLDSDXVH ZKLOH
XQGHU RYHUZLQWHULQJ FRQGLWLRQV +HUHDIWHU ZH
FDOO WKLV ³ZLQWHU HPHUJHQFH´ ZKLFK LQGLFDWHV D
ORZ LQWHQVLW\ RI GLDSDXVH 7KH SURSRUWLRQ RI
ZLQWHU HPHUJHQFH ZDV FDOFXODWHG IRU HDFK 3HWUL
GLVK DV WKH QXPEHU RI PRWKV HPHUJLQJ XQGHU
RYHUZLQWHULQJ FRQGLWLRQV GLYLGHG E\ WKH QXPEHU
RI LQVHFWV LQ GLDSDXVH DW WKH WLPH RI WUDQVIHU WR
RYHUZLQWHULQJ FRQGLWLRQV 7R DVVHVV DPRQJVWUDLQ
GLIIHUHQFHV LQ WKH SURSRUWLRQ RI ZLQWHU HPHUJHQFH
PXOWLSOH UHJUHVVLRQ ZDV XVHG WR HYDOXDWH WKH
HIIHFWV RI VWUDLQGLHW QXPEHU RI ZHHNV LQ
GLDSDXVLQJ FRQGLWLRQV VH[ DQG WKH LQWHUDFWLRQV
EHWZHHQ WKHVH IDFWRUV 7KH H[SHULPHQWDO XQLW LQ
WKLV DQDO\VLV LV D 3HWUL GLVK $ PXOWLSOH UHJUHVVLRQ
PRGHO ZLWK WKH VDPH H[SODQDWRU\ YDULDEOHV ZDV
XVHG WR DVVHVV IDFWRUV DIIHFWLQJ WKH SURSRUWLRQ RI
RYHUZLQWHULQJ VXUYLYDO DQG PRWK ORQJHYLW\ 7KH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1(IIHFWRIWLPHLQGLDSDXVHDQGGLHWFRPELQHGRQWKHSURSRUWLRQRIZLQWHUHPHUJHQFHOHDVWVTXDUHV
PHDQVIURPPXOWLSOHUHJUHVVLRQPRGHOVHHWH[W6WDQGDUGHUURUVQRWVKRZQDVVRFLDWHGZLWKSURSRUWLRQVZHUH
DOZD\VHTXDORUVPDOOHUWKDQ
/LQHDUFRQWUDVWVKRZHGDVLJQLILFDQWGLIIHUHQFH3EHWZHHQLQGLYLGXDOV
IURP0295 IHG%WDQGQRQ%WGLHW

/LQHDUFRQWUDVWVVKRZHGDVLJQLILFDQWGLIIHUHQFHEHWZHHQ029DQG
WKH)SURJHQ\RUWKHUHVLVWDQWVWUDLQVEXWQRVLJQLILFDQWGLIIHUHQFHV3!EHWZHHQWKH)SURJHQ\DQG
UHVLVWDQWVWUDLQV
SURSRUWLRQ RI RYHUZLQWHULQJ VXUYLYDO ZDV
FDOFXODWHG IRU HDFK 3HWUL GLVK DV WKH QXPEHU RI
PRWKV HPHUJLQJ XQGHU GLDSDXVLQJEUHDNLQJ
FRQGLWLRQV GLYLGHG E\ WKH QXPEHU RI ODUYDH VWLOO LQ
GLDSDXVH ZKHQ WUDQVIHUUHG WR
GLDSDXVLQJEUHDNLQJ FRQGLWLRQV /LQHDU FRQWUDVWV
RQ OHDVW VTXDUHV PHDQV ZHUH XVHG LQ DOO FDVHV WR
IXUWKHU LQYHVWLJDWH WKH HIIHFWV RI VWUDLQGLHW RQ WKH
UHVSRQVHYDULDEOHV
Results
Experiment 1: Effect of strain and diet on
induction of diapause, the rate of weight
loss during diapause, and initial weight of
diapausing larvae
5HVLVWDQFH WR %W FRWWRQ ZDV DVVRFLDWHG ZLWK KLJKHU
GLDSDXVH LQGXFWLRQ LH DQ LQFUHDVH LQ WKH
SURSRUWLRQ RI GLDSDXVH VORZHU ZHLJKW ORVV GXULQJ
GLDSDXVH DQG ORZHU LQLWLDO ZHLJKW RI GLDSDXVLQJ
ODUYDH 0RUHRYHU IHHGLQJ RQ D %W GLHW DV RSSRVHG
WR D QRQ%W GLHW E\ UHVLVWDQW VWUDLQV UHGXFHG WKH
SURSRUWLRQ RI GLDSDXVH ZHLJKW ORVV GXULQJ
GLDSDXVH DQG WKH LQLWLDO ZHLJKW RI GLDSDXVLQJ
ODUYDH
7KH SURSRUWLRQ RI GLDSDXVH ZDV VLJQLILFDQWO\
ORZHU LQ 029 WKDQ LQ WKH ) SURJHQ\ DQG
UHVLVWDQW VWUDLQV 7DEOH  +RZHYHU WKH
SURSRUWLRQ RI GLDSDXVH ZDV QRW VLJQLILFDQWO\
GLIIHUHQW EHWZHHQ WKH UHVLVWDQW VWUDLQV DQG WKH )
SURJHQ\ LQGLFDWLQJ WKDW WKH HIIHFW RI UHVLVWDQFH WR
%W FRWWRQ RQ GLDSDXVH LQGXFWLRQ ZDV GRPLQDQW
)HHGLQJ RQ D %W GLHW LQVWHDG RI D QRQ%W GLHW
LQGXFHG D PDUJLQDOO\ VLJQLILFDQW GHFUHDVH LQ
GLDSDXVH SURSRUWLRQ LQ WKH UHVLVWDQW VWUDLQV 7DEOH

7LPH VSHQW LQ GLDSDXVH ZDV D JRRG SUHGLFWRU RI
ZHLJKW ORVV 5    WR  7DEOH  'LDSDXVH
SURSRUWLRQ ZDV QHJDWLYHO\ FRUUHODWHG ZLWK ZHLJKW
ORVV OHDVW VTXDUHV PHDQV IURP 7DEOH  XVHG LQ
DQDO\VLV 3HDUVRQ U   ï  3    6H[ DQG
WKH LQWHUDFWLRQV LQYROYLQJ 6H[ KDG QR VLJQLILFDQW
HIIHFW RQ ZHLJKW ORVV 0XOWLSOH UHJUHVVLRQ DOO 3
YDOXHV !  ,Q D PRGHO ZLWKRXW 6H[ D QHJDWLYH
DVVRFLDWLRQ RFFXUUHG EHWZHHQ LQLWLDO ZHLJKW RI
ODUYDH DQG ZHLJKW ORVV VORSH   ï GI     W
  ï 3   LQGLFDWLQJ WKDW ODUJHU ODUYDH
ORVW ZHLJKW DW D VORZHU UDWH WKDQ VPDOOHU ODUYDH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 2(IIHFWRIWLPHLQGLDSDXVHDQGGLHWFRPELQHGRQWKHSURSRUWLRQRIRYHUZLQWHULQJVXUYLYDOOHDVW
VTXDUHVPHDQVIURPPXOWLSOHUHJUHVVLRQPRGHOVHHWH[W6WDQGDUGHUURUVQRWVKRZQDVVRFLDWHGZLWKSURSRUWLRQV
ZHUHDOZD\VHTXDORUVPDOOHUWKDQ
/LQHDUFRQWUDVWVKRZHGDVLJQLILFDQWGLIIHUHQFH3EHWZHHQ
LQGLYLGXDOVIURP0295 IHGD%WRUQRQ%WGLHW

/LQHDUFRQWUDVWVVKRZHGDVLJQLILFDQWGLIIHUHQFHEHWZHHQ
WKH)SURJHQ\DQG029RUWKHUHVLVWDQWVWUDLQVEXWQRVLJQLILFDQWGLIIHUHQFHV3!EHWZHHQ029DQG
WKHUHVLVWDQWVWUDLQV
,QGHSHQGHQW RI WKH HIIHFW RI LQLWLDO ODUYDO ZHLJKW
6WUDLQGLHW VLJQLILFDQWO\ DIIHFWHG ZHLJKW ORVV GI  
  )    3   /LQHDU FRQWUDVWV
UHYHDOHG WKDW ZHLJKW ORVV ZDV VLJQLILFDQWO\ ORZHU
LQ WKH ) SURJHQ\ DQG WKH UHVLVWDQW VWUDLQV WKDQ LQ
029 7DEOH  +RZHYHU ZHLJKW ORVV ZDV
VLPLODU LQ WKH ) DQG UHVLVWDQW VWUDLQV LQGLFDWLQJ
WKDW UHVLVWDQFH WR %W FRWWRQ KDG D GRPLQDQW HIIHFW
RQ ZHLJKW ORVV :HLJKW ORVV ZDV VLJQLILFDQWO\ ORZHU
ZKHQ LQGLYLGXDOV IURP WKH UHVLVWDQW VWUDLQV ZHUH
IHGD%WGLHWUDWKHUWKDQDQRQ%WGLHW7DEOH
,QGHSHQGHQW RI WKH HIIHFW RI 6WUDLQGLHW ZHLJKW
ORVV GXULQJ RYHUZLQWHULQJ ZDV VORZHU LQ ODUJH WKDQ
VPDOO GLDSDXVLQJ ODUYDH 7R REWDLQ D EHWWHU SLFWXUH
RI WKH HIIHFW RI UHVLVWDQFH WR %W FRWWRQ RQ ZHLJKW
ORVV ZH LQYHVWLJDWHG WKH HIIHFW RI 6WUDLQGLHW RQ
WKH LQLWLDO ZHLJKW RI GLDSDXVLQJ ODUYDH 6H[ KDG
VLPLODU HIIHFWV RQ LQLWLDO ZHLJKW ZLWKLQ WKH VWUDLQV
6H[ [ 6WUDLQGLHW LQWHUDFWLRQ 3    ,Q D
PXOWLSOH UHJUHVVLRQ PRGHO ZLWKRXW WKH 6H[ [
6WUDLQGLHW LQWHUDFWLRQ 6WUDLQGLHW GI     )
   3   DQG 6H[ GI     )   
3   VLJQLILFDQWO\ DIIHFWHG LQLWLDO ZHLJKW
/LQHDU FRQWUDVWV UHYHDOHG WKDW LQLWLDO ZHLJKW ZDV
VLJQLILFDQWO\ ORZHU LQ WKH UHVLVWDQW VWUDLQV WKDQ LQ
029 DOWKRXJK LQLWLDO ZHLJKW GLG QRW GLIIHU
EHWZHHQ WKH ) SURJHQ\ DQG 029 7DEOH 
ZKLFK LQGLFDWHV WKDW UHVLVWDQFH WR %W FRWWRQ KDG D
UHFHVVLYH QHJDWLYH HIIHFW RQ WKH LQLWLDO ZHLJKW RI
GLDSDXVLQJ ODUYDH ,QLWLDO ODUYDO ZHLJKW ZDV
VLJQLILFDQWO\ ORZHU ZKHQ LQGLYLGXDOV IURP WKH
UHVLVWDQW VWUDLQV ZHUH IHG D %W GLHW UDWKHU WKDQ D
QRQ%WGLHW7DEOH
Experiment 2: Effect of strain and diet on
diapause intensity, overwintering survival,
and longevity of overwintered adults
5HVLVWDQFH WR %W FRWWRQ ZDV DVVRFLDWHG ZLWK
LQFUHDVHG GLDSDXVH LQWHQVLW\ LH D UHGXFWLRQ LQ
WKH SURSRUWLRQ RI ZLQWHU HPHUJHQFH LQFUHDVHG
RYHUZLQWHULQJ VXUYLYDO LQ ) SURJHQ\ DQG UHGXFHG
ORQJHYLW\ RI RYHUZLQWHUHG PDOHV EXW YDULDEOH
HIIHFWV RQ IHPDOH ORQJHYLW\ 0RUHRYHU IHHGLQJ RQ
D %W GLHW DV RSSRVHG WR D QRQ%W GLHW LQ
0295 UHGXFHG GLDSDXVH LQWHQVLW\ KDG
YDULDEOH HIIHFWV RQ RYHUZLQWHULQJ VXUYLYDO DQG
UHGXFHG ORQJHYLW\ LQ PDOHV UHPDLQLQJ LQ GLDSDXVH
IRUDORQJSHULRG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 2(IIHFWRIVWUDLQGLHWDQGWLPHLQGLDSDXVHRQORQJHYLW\RIIHPDOHDQGPDOHPRWKVHPHUJLQJIURP
GLDSDXVHOHDVWVTXDUHVPHDQV6(IURPPXOWLSOHUHJUHVVLRQPRGHOVVHHWH[W
Longevity (days)
Strain Diet Time in diapause (wk) Female Male
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
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9DOXHVZLWKGLIIHUHQWOHWWHUVZHUHVLJQLILFDQWO\GLIIHUHQWLQOLQHDUFRQWUDVWVFRPSDULQJ029WRWKH)RUWKH
UHVLVWDQWVWUDLQV3/LQHDUFRQWUDVWFRPSDULQJWKH)DQGUHVLVWDQWVWUDLQVZDVVLJQLILFDQW3
6H[ DQG WKH LQWHUDFWLRQV LQYROYLQJ 6H[ GLG QRW
DIIHFW WKH SURSRUWLRQ RI ZLQWHU HPHUJHQFH
0XOWLSOH UHJUHVVLRQ DOO 3 YDOXHV !  ,Q D
PXOWLSOH UHJUHVVLRQ PRGHO ZLWKRXW 6H[ WKH
SURSRUWLRQ RI ZLQWHU HPHUJHQFH ZDV DIIHFWHG E\
6WUDLQGLHW GI     )    3  DQG
WLPH LQ GLDSDXVH GI     )   3 
 7KH LQWHUDFWLRQ EHWZHHQ 6WUDLQGLHW DQG
WLPH ZDV QRW VLJQLILFDQW 3    VXJJHVWLQJ
WKDW WLPH LQ GLDSDXVH DIIHFWHG ZLQWHU HPHUJHQFH
VLPLODUO\ LQ DOO VWUDLQV +RZHYHU OLQHDU FRQWUDVWV
UHYHDOHG QR VLJQLILFDQW GLIIHUHQFHV DPRQJ VWUDLQV
UHPDLQLQJ LQ GLDSDXVH IRU  DQG  ZHHNV EXW
VLJQLILFDQW GLIIHUHQFHV DPRQJ VWUDLQV LQ GLDSDXVH
IRU  DQG  ZHHNV )LJXUH  $IWHU   DQG 
ZHHNV LQ GLDSDXVH ZLQWHU HPHUJHQFH GLG QRW
GLIIHU VLJQLILFDQWO\ EHWZHHQ 029 DQG WKH )
SURJHQ\ RU WKH UHVLVWDQW VWUDLQV +RZHYHU DIWHU 
ZHHNV LQ GLDSDXVH ZLQWHU HPHUJHQFH ZDV
VLJQLILFDQWO\ JUHDWHU LQ 029 WKDQ LQ WKH )
FURVVHV DQG WKH UHVLVWDQW VWUDLQV LQGLFDWLQJ WKDW
UHVLVWDQFH WR %W FRWWRQ UHVXOWHG LQ D GRPLQDQW
LQFUHDVH LQ WKH LQWHQVLW\ RI GLDSDXVH )LJXUH 
0RUHRYHU IHHGLQJ RQ D %W GLHW DV RSSRVHG WR D
QRQ%W GLHW LQFUHDVHG WKH SURSRUWLRQ RI ZLQWHU
HPHUJHQFH LQ 0295 DIWHU  DQG  ZHHNV
EXW QRW LQ ODUYDH UHPDLQLQJ LQ GLDSDXVH IRU  RU 
ZHHNV)LJXUH
6H[ DQG WKH LQWHUDFWLRQV LQYROYLQJ 6H[ GLG QRW
DIIHFW WKH SURSRUWLRQ RI RYHUZLQWHULQJ VXUYLYDO
0XOWLSOH UHJUHVVLRQ DOO 3 YDOXHV !  ,Q D
PXOWLSOH UHJUHVVLRQ PRGHO ZLWKRXW 6H[ WKH
SURSRUWLRQ RI RYHUZLQWHULQJ VXUYLYDO ZDV DIIHFWHG
E\ 6WUDLQGLHW GI     )    3   
WLPH LQ GLDSDXVH GI     )    3 
 DQG WKH LQWHUDFWLRQ EHWZHHQ WKHVH IDFWRUV
GI     )    3    2YHUZLQWHULQJ
VXUYLYDO GLG QRW GLIIHU DPRQJ 029 WKH )
SURJHQ\ DQG WKH UHVLVWDQW VWUDLQV NHSW LQ GLDSDXVH
IRU  DQG  ZHHNV )LJXUH  +RZHYHU
RYHUZLQWHULQJ VXUYLYDO ZDV VLJQLILFDQWO\ JUHDWHU LQ
WKH ) SURJHQ\ WKDQ LQ 029 DIWHU  DQG 
ZHHNV 1R VLJQLILFDQW GLIIHUHQFHV EHWZHHQ 029
DQG WKH UHVLVWDQW VWUDLQV ZHUH SUHVHQW VKRZLQJ
WKDW UHVLVWDQFH WR %W FRWWRQ RQO\ LQFUHDVHG
RYHUZLQWHULQJ VXUYLYDO LQ WKH ) SURJHQ\ )HHGLQJ
RQ D %W GLHW KDG LQFRQVLVWHQW HIIHFWV RQ
RYHUZLQWHULQJ VXUYLYDO LQ 0295 DV VXUYLYDO
ZDV UHGXFHG DIWHU  ZHHNV LQ GLDSDXVH EXW
LQFUHDVHGDIWHUZHHNV)LJXUH
6H[ KDG D VLJQLILFDQW HIIHFW RQ DGXOW ORQJHYLW\ GI
    )    3   DQG WKH HIIHFW RI
6WUDLQGLHW RQ DGXOW ORQJHYLW\ GLIIHUHG IRU IHPDOHV
DQG PDOHV 6H[ [ 6WUDLQGLHW LQWHUDFWLRQ GI   
 )    3    7KXV YDULDWLRQ LQ
DGXOW ORQJHYLW\ ZDV DQDO\]HG VHSDUDWHO\ IRU
IHPDOHVDQGPDOHV
,Q IHPDOHV 6WUDLQGLHW GI     )    3 
 DQG WLPH LQ GLDSDXVH GI     )  
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH  3   VLJQLILFDQWO\ DIIHFWHG DGXOW
ORQJHYLW\ DOWKRXJK WKH LQWHUDFWLRQ EHWZHHQ WKHVH
IDFWRUV ZDV QRW VLJQLILFDQW GI     )   
3     1HYHUWKHOHVV OLQHDU FRQWUDVWV
LQGLFDWHG GLIIHUHQW SDWWHUQV RI ORQJHYLW\ LQ VWUDLQV
UHPDLQLQJ LQ GLDSDXVH IRU  ZHHNV DV RSSRVHG WR
VWUDLQV UHPDLQLQJ LQ GLDSDXVH IRU  RU  ZHHNV
$IWHU  ZHHNV LQ GLDSDXVH ORQJHYLW\ ZDV
VLJQLILFDQWO\ OHVV LQ IHPDOHV IURP WKH UHVLVWDQW
VWUDLQV WKDQ IURP 029 RU ) LQGLFDWLQJ WKDW D
UHFHVVLYH FRVW DIIHFWHG ORQJHYLW\ 7DEOH  ,Q
FRQWUDVW ) IHPDOHV VXUYLYHG ORQJHU WKDQ IHPDOHV
IURP 029 RU WKH UHVLVWDQW VWUDLQV DIWHU  RU 
ZHHNV LQ GLDSDXVH 7DEOH  'LHW QRQ%W RU %W
GLG QRW DIIHFW IHPDOH ORQJHYLW\ LQ DQ\ RI WKH
GLDSDXVLQJSHULRGV7DEOH
,Q PDOHV 6WUDLQGLHW GI     )    3 
 DQG WLPH LQ GLDSDXVH GI     )  
 3   KDG VLJQLILFDQW HIIHFWV RQ
ORQJHYLW\ 7LPH LQ GLDSDXVH GLG QRW DIIHFW
ORQJHYLW\ VLPLODUO\ LQ WKH VWUDLQV 6WUDLQGLHW [
WLPH LQ GLDSDXVH LQWHUDFWLRQ GI     )  
 3    5HFHVVLYH FRVWV DIIHFWLQJ
ORQJHYLW\ ZHUH IRXQG LQ DOO GLDSDXVLQJ SHULRGV
7DEOH  )HHGLQJ RQ D %W GLHW LQ 0295
GHFUHDVHG ORQJHYLW\ VLJQLILFDQWO\ RQO\ IRU PDOHV
UHPDLQLQJLQGLDSDXVHIRUZHHNV
Discussion
:KHQ GLDSDXVH ZDV LQGXFHG LQ WKH ODERUDWRU\ DQG
ODUYDH ZHUH DOORZHG WR RYHUZLQWHU LQ WKH VRLO LQ
RXWGRRU LQVHFWDULHV LQGLYLGXDOV IURP SLQN
EROOZRUP VWUDLQV VXVFHSWLEOH WR %W FRWWRQ DQG )
SURJHQ\ KDG VLJQLILFDQWO\ JUHDWHU VSULQJ
HPHUJHQFH WKDQ LQGLYLGXDOV IURP VWUDLQV UHVLVWDQW
WR %W FRWWRQ ZKLFK LQGLFDWHG WKH SUHVHQFH RI D
UHFHVVLYH RYHUZLQWHULQJ FRVW &DUULqUH HW DO
D 6SULQJ HPHUJHQFH ZDV GHILQHG DV PRWKV
HPHUJLQJ ± ZHHNV DIWHU WKH WUDQVIHU RI
GLDSDXVLQJ ODUYDH WR WKH ILHOG +HUH GLDSDXVH
GXUDWLRQ ZDV H[SHULPHQWDOO\ PDQLSXODWHG LQ WKH
ODERUDWRU\ WR LQYHVWLJDWH WKH SK\VLRORJLFDO EDVLV RI
VXFK FRVW /DUYDH ZHUH WUDQVIHUUHG WR
GLDSDXVHEUHDNLQJ FRQGLWLRQV DIWHU ± ZHHNV
ZKLFK VHHPV DSSUR[LPDWHO\ FRPSDUDEOH WR WKH
SHULRG SUHFHGLQJ VSULQJ HPHUJHQFH LQ DQ HDUOLHU
H[SHULPHQW &DUULqUH HW DO D &RPSDUHG WR D
%WVXVFHSWLEOH VWUDLQ ZH K\SRWKHVL]HG WKDW
UHODWHG %WUHVLVWDQW VWUDLQV FRXOG H[KLELW ORZHU
LQGXFWLRQ RU LQWHQVLW\ RI GLDSDXVH JUHDWHU UDWH RI
ZHLJKW ORVV GXULQJ RYHUZLQWHULQJ ORZHU LQLWLDO
ZHLJKW RI GLDSDXVLQJ ODUYDH RU D UHGXFWLRQ LQ WKH
ORQJHYLW\ RI PRWKV HPHUJLQJ IURP GLDSDXVH :H
GLG QRW H[SHFW GLIIHUHQFHV EHWZHHQ 029 DQG
WKH ) SURJHQ\ EHFDXVH WKH RYHUZLQWHULQJ FRVW
ZDV UHFHVVLYH &DUULqUH HW DO D &RQWUDU\ WR
H[SHFWDWLRQV D KLJKHU SURSRUWLRQ RI GLDSDXVH
7DEOH  ORZHU ZHLJKW ORVV 7DEOH  ORZHU
SURSRUWLRQ RI ZLQWHU HPHUJHQFH )LJXUH  DQG
EHWWHU RYHUZLQWHULQJ VXUYLYDO )LJXUH  ZDV
IRXQG LQ WKH UHVLVWDQW VWUDLQV RU ) SURJHQ\ WKDQ
LQ WKH %W VXVFHSWLEOH VWUDLQ ,Q DFFRUG ZLWK
H[SHFWDWLRQV ORZHU LQLWLDO ZHLJKW RI GLDSDXVLQJ
ODUYDH ZDV IRXQG LQ WKH UHVLVWDQW VWUDLQV WKDQ LQ
WKH ) SURJHQ\ RU VXVFHSWLEOH VWUDLQ 7DEOH 
0DOH PRWKV IURP UHVLVWDQW VWUDLQV RU IHPDOH
PRWKV IURP UHVLVWDQW VWUDLQV UHPDLQLQJ LQ
GLDSDXVH IRU D VKRUW SHULRG GLG KDYH D UHGXFHG
ORQJHYLW\ FRPSDUHG WR PRWKV IURP ) SURJHQ\ RU
WKH VXVFHSWLEOH VWUDLQ 7DEOH  +RZHYHU IHPDOH
PRWKV IURP WKH ) SURJHQ\ KDG WKH ORQJHVW
ORQJHYLW\ DIWHU VXVWDLQLQJ ORQJ SHULRGV LQ
GLDSDXVH 7KHUHIRUH WKLV VWXG\ VXJJHVWV WKDW WKH
HYROXWLRQ RI UHVLVWDQFH WR %W FRWWRQ KDV SHUYDVLYH
HIIHFWV RQ VHYHUDO WUDLWV DVVRFLDWHG ZLWK GLDSDXVH
+RZHYHU EHFDXVH WKH DVVRFLDWLRQ RI UHVLVWDQFH
ZLWK PRVW RI WKHVH WUDLWV GLG QRW VXSSRUW RXU
K\SRWKHVHV ZH FRQFOXGH WKDW WKH IDFWRUV
XQGHUO\LQJ WKH RYHUZLQWHULQJ FRVW H[SUHVVHG LQ
WKHILHOGDUHPRUHFRPSOH[WKDQHQYLVDJHG
7KH SKHQRW\SLF HIIHFWV RI IHHGLQJ RQ D %W GLHW
LQVWHDG RI D QRQ%W GLHW ZDV LQYHVWLJDWHG LQ
%WUHVLVWDQW LQGLYLGXDOV &RPSDUHG WR LQGLYLGXDOV
IHG D QRQ%W GLHW %WIHG LQGLYLGXDOV KDG D ORZHU
SURSRUWLRQ RI GLDSDXVH 7DEOH  D JUHDWHU
SURSRUWLRQ RI RYHUZLQWHULQJ HPHUJHQFH )LJXUH 
ORZHU ZHLJKW ORVV GXULQJ RYHUZLQWHULQJ DQG
UHGXFHG LQLWLDO GLDSDXVLQJ ZHLJKW 7DEOH 
)HHGLQJ RQ D %W GLHW GLG QRW KDYH FRQVLVWHQW
HIIHFWV RQ RYHUZLQWHULQJ VXUYLYDO )LJXUH  ,Q
PDOH PRWKV SURGXFHG IURP %WIHG ODUYDH
ORQJHYLW\ ZDV UHGXFHG RQO\ IRU WKH ORQJHVW
GLDSDXVLQJ SHULRG ZKLOH GLHW GLG QRW DIIHFW
ORQJHYLW\ LQ IHPDOHV 7DEOH  7KHVH UHVXOWV
LQGLFDWH WKDW IHHGLQJ RQ D %W GLHW LQ %WUHVLVWDQW
LQGLYLGXDOV FRXOG KDYH QHJDWLYH FRQVHTXHQFHV RQ
ILWQHVV RFFXUULQJ PDLQO\ WKURXJK D UHGXFWLRQ LQ
GLDSDXVH SURSHQVLW\ DQG LQWHQVLW\ DQG QHJDWLYH
HIIHFWV RQ ORQJHYLW\ RI RYHUZLQWHUHG PDOH PRWKV
6XFK UHGXFHG ILWQHVV LV FDOOHG LQFRPSOHWH
UHVLVWDQFH ZKLFK LQYROYHV GLVDGYDQWDJHV VXIIHUHG
E\ %WUHVLVWDQW LQVHFWV RQ D %W FURS UHODWLYH WR D
QRQ%W FURS /LX HW DO  %LUG DQG $NKXUVW
 )HHGLQJ RQ D %W GLHW DV RSSRVHG WR D
QRQ%W GLHW LQFUHDVHG PHWDEROLF UDWH LQ
QRQGLDSDXVLQJ %WUHVLVWDQW EHHW DUP\ZRUP
ODUYDH LQGLFDWLQJ WKDW UHSODFHPHQW RI PLGJXW FHOOV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ZDV LQFUHDVHG E\ GDPDJHV FDXVHG E\ %W WR[LQV
'LQJKD HW DO  :KLOH WKHVH UHVXOWV DUH
RSSRVLWH WR WKH UHGXFHG ZHLJKW ORVV LQGLFDWLYH RI
ORZHU PHWDEROLVP REVHUYHG KHUH 7DEOH 
UHVLVWDQW VWUDLQV RQ %W GLHW WKH VWXGLHV DUH QRW
GLUHFWO\ FRPSDUDEOH EHFDXVH PLGJXW FHOO
UHSODFHPHQW LV SUREDEO\ PXFK VORZHG GXULQJ SLQN
EROOZRUPGLDSDXVH
0XFK RI WKH GLYHUJHQFH DPRQJ VWUDLQV IHG D
QRQ%W GLHW PHDVXUHG LQ WKLV VWXG\ PD\ KDYH EHHQ
GULYHQ E\ YDULDWLRQ LQ WKH VWUHQJWK RI GLDSDXVH
7KH ORZHU SURSRUWLRQ RI GLDSDXVH 7DEOH  DQG
KLJKHU SURSRUWLRQ RI ZLQWHU HPHUJHQFH )LJXUH 
LQ 029 WKDQ LQ WKH ) SURJHQ\ DQG UHVLVWDQW
VWUDLQV LQGLFDWH WKDW WKH VWUHQJWK RI GLDSDXVH ZDV
LQFUHDVHG LQ LQGLYLGXDOV EHDULQJ RQH RU PRUH
UHVLVWDQFH DOOHOHV 'LDSDXVH LV D VWDWH RI
TXLHVFHQFH W\SLFDOO\ DVVRFLDWHG ZLWK D UHGXFWLRQ RI
PHWDEROLF UDWH DQG GHSOHWLRQ RI UHVRXUFHV QHHGHG
WR VXUYLYH KDUVK FRQGLWLRQV 0RUULV DQG )HOWRQ
 ,UZLQ DQG /HH  (OOHUV DQG 9DQ $OSKHQ
 7KXV WKH JUHDWHU VWUHQJWK RI GLDSDXVH LQ
WKH ) SURJHQ\ DQG UHVLVWDQW VWUDLQV ZDV
DVVRFLDWHG ZLWK ORZHU ZHLJKW ORVV GXULQJ GLDSDXVH
LQ WKHVH VWUDLQV 7DEOH  6XFK DPRQJVWUDLQ
YDULDWLRQ LQ ZHLJKW ORVV ZRXOG EH H[SHFWHG WR
FRQIHU DQ RYHUZLQWHULQJ VXUYLYDO DGYDQWDJH WR
LQGLYLGXDOV IURP WKH ) SURJHQ\ DQG UHVLVWDQW
VWUDLQV RYHU LQGLYLGXDOV IURP 029 +RZHYHU
ODUJH LQGLYLGXDOV KDYH EHWWHU GLDSDXVLQJ VXUYLYDO
WKDQ VPDOO LQGLYLGXDOV 0RUULV DQG )HOWRQ 
(OOHUV DQG 9DQ $OSKHQ  QRW RQO\ EHFDXVH
ODUJHU LQGLYLGXDOV PD\ KDYH PRUH UHVHUYHV EXW
SRVVLEO\ EHFDXVH WKHLU UDWH RI ZHLJKW ORVV GXULQJ
GLDSDXVH LV DOVR UHGXFHG DV VKRZQ KHUH 7KXV
EHFDXVH LQLWLDO GLDSDXVLQJ ZHLJKW ZDV VLJQLILFDQWO\
ORZHU LQ WKH UHVLVWDQW VWUDLQV WKDQ LQ WKH )
SURJHQ\ DQG 029 7DEOH  RQH ZRXOG H[SHFW
WKH DPRQJVWUDLQ YDULDWLRQ LQ GLDSDXVLQJ ZHLJKW
WR FRQWULEXWH WR D UHGXFWLRQ RI VXUYLYDO LQ WKH
UHVLVWDQW VWUDLQV $FFRUGLQJO\ WKH JUHDWHU
RYHUZLQWHULQJ VXUYLYDO LQ WKH ) SURJHQ\ WKDQ LQ
029 DQG WKH UHVLVWDQW VWUDLQV )LJXUH  FDQ EH
H[SODLQHG E\ FRPELQLQJ WKH HIIHFWV RI WKH
DPRQJVWUDLQ YDULDWLRQ LQ ZHLJKW ORVV IDYRULQJ
WKH ) SURJHQ\ DQG UHVLVWDQW VWUDLQV DQG LQ LQLWLDO
GLDSDXVLQJ ZHLJKW GLVIDYRULQJ WKH UHVLVWDQW
VWUDLQV )LQDOO\ YDULDWLRQ LQ ORQJHYLW\ ZDV PXFK
OLNH YDULDWLRQ LQ LQLWLDO ODUYDO GLDSDXVLQJ ZHLJKW LQ
PDOHV DQG LQ IHPDOHV VSHQGLQJ D VKRUW SHULRG LQ
GLDSDXVH FRPSDUH 7DEOH  DQG 7DEOH 
+RZHYHU DV IRU YDULDWLRQ LQ RYHUZLQWHULQJ
VXUYLYDO YDULDWLRQ LQ ORQJHYLW\ RI IHPDOHV
HPHUJLQJ DIWHU ORQJHU GLDSDXVLQJ SHULRGV 7DEOH
 PD\ KDYH UHVXOWHG IURP WKH FRPELQHG HIIHFWV RI
YDULDWLRQ LQ LQLWLDO GLDSDXVLQJ ZHLJKW DQG ZHLJKW
ORVV %HFDXVH PDOHV DQG IHPDOHV RIWHQ QHHG
GLIIHUHQW OHYHOV RI HQHUJ\ UHVHUYHV WR VXVWDLQ DGXOW
ILWQHVV %ODFNHQKRUQ HW DO  3UHVLR]L DQG
)DLUEDLUQ  WKH FRQVHTXHQFH RI YDULDWLRQ LQ
LQLWLDO ODUYDO ZHLJKW DQG ZHLJKW ORVV RQ ORQJHYLW\
GRHVQRWQHHGWREHWKHVDPHLQERWKVH[HV
,W UHPDLQV SRVVLEOH WKDW WKH GLYHUJHQFH EHWZHHQ
VWUDLQV ZDV GXH WR IDFWRUV XQUHODWHG WR UHVLVWDQFH
VXFK DV YDULDWLRQ LQ JHQHWLF EDFNJURXQG UHVXOWLQJ
IURP JHQHWLF GULIW 0295 KDG EHHQ
VHSDUDWHG IURP 029 IRU  JHQHUDWLRQV ZKHQ
FRVWV ZHUH LQYHVWLJDWHG LQ ODUYDH RYHUZLQWHULQJ LQ
WKH ILHOG &DUULqUH HW DO D 0295 DQG
0295 KDG EHHQ VHSDUDWHG IURP 029
IRU  JHQHUDWLRQV DW WKH WLPH RI WKLV H[SHULPHQW
ZKLFK FRXOG KDYH IDYRUHG GULIW +RZHYHU
VXVFHSWLEOH DQG UHVLVWDQW VWUDLQV ZHUH PDLQWDLQHG
DW !± DGXOWV SHU JHQHUDWLRQ ZKLFK LV
H[SHFWHG WR UHGXFH WKH HIIHFWV RI GULIW )DOFRQHU
 0RUHRYHU PXFK RI WKH YDULDWLRQ DPRQJ
VWUDLQV IHG D QRQ%W GLHW FDQ EH WUDFHG WR D
GLYHUJHQFH LQ WKH VWUHQJWK RI GLDSDXVH VHH
DERYH ZKLFK PD\ ZHOO KDYH UHVXOWHG IURP
SOHLRWURSLF HIIHFWV RI WKH FDGKHULQ PXWDWLRQV
FRQIHUULQJUHVLVWDQFHWR%WFRWWRQ
&KDQJHV LQ GLDSDXVH UHVXOWLQJ IURP WKH GLVUXSWLYH
HIIHFWV RI UHVLVWDQFH KDYH EHHQ GRFXPHQWHG LQ DW
OHDVW WKUHH OHSLGRSWHUDQ VSHFLHV ,Q WKH FRGOLQJ
PRWK Cydia pomonella /LQQDHXV UHVLVWDQFH WR
LQVHFWLFLGHV LQYROYHG D UHGXFWLRQ LQ GHYHORSPHQW
UDWH GXH WR SOHLRWURSLF HIIHFWV RI WKH UHVLVWDQFH
DOOHOHV %RLYLQ HW DO  7KH VORZHU
GHYHORSPHQW LQ UHVLVWDQW FRPSDUHG WR VXVFHSWLEOH
LQGLYLGXDOV GHOD\HG H[SRVXUH RI WKH
GLDSDXVHVHQVLWLYH VWDJH WR WKH FULWLFDO
SKRWRSHULRG LQGXFLQJ GLDSDXVH ZKLFK UHVXOWHG LQ
UHVLVWDQW LQGLYLGXDOV FRPSOHWLQJ D ORZHU QXPEHU
RI JHQHUDWLRQV LQ WKH ILHOG WKDQ VXVFHSWLEOH
LQGLYLGXDOV $ KLJKHU FULWLFDO SKRWRSHULRG IRU
GLDSDXVH LQGXFWLRQ ZDV DOVR IRXQG LQ UHVLVWDQW
VWUDLQV FRPSDUHG WR KHWHUR]\JRXV RU VXVFHSWLEOH
VWUDLQV ZKLFK SDUWO\ H[SODLQHG WKH HDUOLHVW
LQGXFWLRQ RI GLDSDXVH LQ UHVLVWDQW LQGLYLGXDOV
%RLYLQ HW DO  ,Q WKH 2EOLTXHEDQGHG
OHDIUROOHU Choristoneura rosaceana +DUULV
UHVLVWDQFH WR LQVHFWLFLGHV ZDV DVVRFLDWHG ZLWK D
KLJKHU SURSHQVLW\ RI HVWLYDO GLDSDXVH &DUULqUH HW
DO  &KDQJHV LQ WKH DGGLWLYH JHQHWLF YDULDQFH
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